The Sydney University Stellar Interferometer (SUSI) is a long baseline optical interferometer located at the Paul Wild Observatory in northern New South Wales, some 400 km NNW of Sydney. SUSI has been designed to measure the angular sizes of stars of essentially all spectral types and luminosity classes and to measure the angular separations of close binary stars. In addition to the science programs planned for SUSI, the technical features of the instrument dictated by these programs are discussed. The current status of the instrument and science programs, and the plans for further development of the instrument are described.
INTRODUCTION
The Sydney University Stellar Interferometer (SUSI) is a ground-based long baseline optical interferometer designed for a wide range of stellar studies. In this paper we outline the proposed science programs that led to the development of the instrument and the technical issues that affected the choice of technique. The instrument is described and its current status and plans for its future development are discussed. Examples of its performance and early astronomical results are included.
Since this is the first contribution on ground-based interferometers in this conference it is appropriate to note the additional problems faced from the ground compared with the plans for interferometry from space. The major differences result from working through the turbulence in the Earth's atmosphere. The turbulence introduces random phase and amplitude fluctuations in the incoming starlight that results in the 'seeing' observed with conventional telescopes. Seeing can be characterised by two parameters, to and r0. Fried's r0 is a measure of the spatial scale of the phase variations across a wavefront' and to is a measure of the speed of the phase fluctuations.2 An intensity interferometer is essentially immune to the effects of seeing but an amplitude interferometer is critically affected unless steps are taken to minimise the effects of seeing. The effect of seeing on an amplitude interferometer is always to reduce the measured fringe visibility. The loss in visibility can be reduced by restricting the aperture diameter to the order of or less than ro, by using a tip-tilt adaptive optics system,2'3 and by using a sampling time of the order of or less than t0 . Even with these precautions there will still be some loss in fringe visibility and calibration procedures are necessary to obtain unbiased estimates of fringe visibility.
The first stellar interferometer, the Michelson stellar interferometer,4 was an amplitude interferometer. It measured the first angular diameter of a star in 1920 but it had limited success for a number of reasons, including the fact that the observations of the seeing-distorted interference fringes were made by eye. The field lay dormant until it was revitalised by the development of intensity interferometry in the 1950s by Hanbury Brown and Twiss. 5 The Chatterton Astronomy Department of the University of Sydney was responsible for the construction and operation of the Narrabri Stellar Intensity Interferometer (NSII).6 An extensive observational program with the NSII gave a clear indication of the astrophysical potential of high angular resolution stellar interferometry.71' The principal achievements of the NSII program and the astronomical potential have been summarised by Davis.'2 The success of the NSII program was the inspiration for the development of a new stellar interferometer of increased sensitivity, resolution and accuracy.
SCIENCE OBJECTIVES
A consideration of the observations that would be possible with a high angular resolution optical interferometer to succeed the NSII led to the following list of potential stellar programs.
. The list illustrates the fact that there is a wide range of programs in stellar astrophysics that can be tackled with the aid of high angular resolution interferometry.
It is not generally realised that the number of accurately determined stellar angular diameters is still small and, when the distribution of these data is considered as a function of spectral type and luminosity class the data are sparse. A tabulation of all interferometrically determined angular diameters up to the end of 1996, as a function of spectral type and luminosity class, has been made by Davis.'3 There are no measurements of main sequence stars later than spectral type A7. If the tabulation is restricted to angular diameters determined with an accuracy it is found that there is a total of only 11 stars for all luminosity classes and spectral types earlier than FO. In fact, only late type giant and supergiant stars are well represented. Angular diameters determined by lunar occultations are generally of late type giants and supergiants. These facts emphasise the importance of extending the measurements of angular diameters to stars of all spectral types and to do so with improved accuracy.
A detailed analysis of the potential programs listed above led us to the targets listed in Table 1 for the successor to the NSII. 
THE CHOICE OF TECHNIQUE
The initial proposal prepared in 1971, based on the targets listed in Table 1 , was to build a larger, more sensitive intensity interferometer.'4"5 The rationale was simply that we had successfully built and operated the NSII, it was essentially unaffected by atmospheric effects, and there were no outstanding technical problems. However, after developing a preliminary design, we reached the following conclusions:
I it would be difficult to achieve the sensitivity target set by the planned science program because of the inherent insensitivity of intensity interferometry
. an intensity interferometer would be expensive to build because of the need for very large, movable light collectors 10 metres diameter)
. the technology required to develop a modern form of Michelson's stellar interferometer, an amplitude interferometer, was becoming available in the form of laser metrology, adaptive optics, microprocessors, etc.
In hindsight, we might have done better if we had pursued the proposal for a very large intensity interferometer. We could have built an instrument that would have worked down to magnitude V 'S-' +5.5 by the late 1970s, and would have been able to tackle many of the programs listed above. However, like everyone else, we misjudged the time it would take to make an amplitude interferometer work with the same resolution and sensitivity.
In 1976 the decision was made to develop an amplitude interferometer. As a first step a prototype instrument16 was built to test our ideas, to gain experience and, most importantly, to demonstrate that we could measure fringe visibility through the Earth's atmosphere. The successful prototype program helped to convince our funding agency to support our proposal to develop SUSI.
4. SUSI 4.1. The Instrument SUSI is a single r0, two aperture, long baseline optical interferometer with wavefront tilt correction and dynamic optical path length equalisation.17 '18 The main parameters of the instrument are listed in Table 2 . Limiting magnitude see text
The orientation of the baseline array was made North-South to minimise the problem of developing the optical path length compensator (optical delay lines). For the North-South orientation the rate of change of optical path difference is zero at transit whereas for an East-West orientation it is 7 x 105B m.s , where B is the baseline length in metres. The North-South baseline does have the disadvantage that the effective or projected baseline at transit is reduced by the factor cos (S -q5), where 5 is the declination and is the latitude, but this was taken into account in the design. SUSI has baselines ranging from 5 m to 640 m, with the lengths of intermediate baselines forming a geometric progression increasing in steps of '40%. The baselines are achieved with an array of 11 input stations, each equipped with a siderostat and relay optics, and located to give a minimal baseline redundancy. '8 The effective aperture diameter of 14 cm corresponds to r0 for 1 arcsecond seeing at the wavelength of the Hc line. It is the projected aperture produced by the input and relay mirrors which have a diameter of 20 cm. The actual aperture diameter used for observations is defined by internal apertures which can be selected to suit the prevailing seeing conditions.
The initial spectral range of 400-500 nm is limited by the multilayer coatings on the beamsplitter at which the two incoming beams of starlight are combined. A second beam-combining system for the red end of the planned spectral range is currently being developed. Problems with the reflective coatings on the many mirrors in the optical train of SUSI are currently limiting observations to stars brighter than B ' +3. However, improved coatings, the replacement of some optical components that are of low optical quality, and the addition of new detectors are expected to improve the sensitivity to at least B = +6. The original target of B = +7.5 appears, in the light of experience, to be very difficult to achieve with SUSI.
The measurement of correlation, equal to the square of the fringe visibility, follows closely the procedure described by Tango and Twiss.3 Details of its application in SUSI have been given by Davis et al. '9 An integration time of 100 5 is generally used and, for each integration period, the correlation is computed for sampling times equal to 1,2,. . . , 10 ms. These correlation values are used to determine to and the mean value of correlation for zero sampling time. 20 The spatial scale of the 'seeing', r0 , is determined from the distribution of wavefront tilts obtained with the tip-tilt servo system. Thus each measurement of correlation is accompanied by measurements of t0 and r0 made for exactly the same time interval.
Observations and Calibration
The observational technique generally employed is to alternate between target and calibration/reference stars. Unresolved stars or stars of known angular diameter are used as calibrators and they are selected to be as close as possible to the target star, the star whose angular diameter is to be determined. The calibration stars provide a calibration of the residual seeing effects through a plot of observed correlation against d/ro ,where d is the diameter of the aperture used for the observations. Division of the observed values of correlation for the target star by the value for the calibrator at the appropriate value of d/ro gives the true value of correlation for the target star. Small corrections for the partial resolution of the reference star are applied where appropriate. Details of the observation and calibration procedures have been given by Davis et al. '9 
RESULTS
As an illustration of the performance of SUSI two particular series of observations are briefly described. The bright F8 supergiant ö CMa was the faintest star observed with the NSII. The accuracy of the angular diameter was only Two independent series of observations have been made with SUSI, one using e CMa as the calibrator and the other using iCMa. The two results for the angular diameter of 6 CMa each have an uncertainty of ' and they agree within 0.9%. The weighted mean of these values gives a new determination of the angular diameter of 5 CMa with an accuracy of The second example is 3 Cen. During the commissioning of the NSII in the early 1960s /3 Cen, a bright early type star, was chosen for observational tests of the instrument. The correlation observed was much less than expected but, when the instrument was switched to observe a Lyr, the expected correlation was measured. /3 Cen was a known binary but the secondary was some three magnitudes fainter than the primary and had no significant effect on the observed correlation. The NSII observations showed that the primary was itself a binary system with components of approximately equal brightness. The individual reflectors of the intensity interferometer, with a diameter of 6.8 m, resolved the binary separation and no further information could be obtained with the NSII. We have observed 3 Cen with SUST at baselines of 5 m and 10 m and have measured the angular separation and brightness ratio of the two component stars. The observations, spread over a ten week period in 1997, show orbital motion of the system and the combination of the SUSI measurements with a single measurement made at an earlier epoch with the non-redundant masking technique2' have enabled a preliminary orbit to be determined.22 Figure 1 shows the orbit determined for the components of the primary of 3 Cen.
PROBLEMS, STATUS AND FUTURE DEVELOPMENTS
It is widely recognised amongst practitioners that developing optical/infrared interferometers takes much longer than anticipated and that performance does not match expectations, at least not initially. We are no exception and have had our share of problems, many of them in common with others. Current problems that we are taking steps to remedy include low optical throughput due to poor reflection coatings on some of the many unavoidable reflecting surfaces; aberrations from optical components made for the SUSI prototype which used smaller apertures; and lack of a fringe or delay tracker which results in inefficient observing.
The calibration technique that we have developed, which was described in Section 4.2, works well providing the calibration stars lie within -' 5°of the target star. For larger separations we have found, as have others, that calibrations are inconsistent. This problem is expected to be solved as the sensitivity of the instrument is improved and it becomes possible to find calibrators closer to the targets.
Our most serious problem is shortage of staff and, in the current economic climate with replacement of staff and recruitment of additional staff impossible, it is proving difficult to develop the instrument and run an efficient observing program. The result is that progress is slow. Nevertheless, the observing program is being pursued and a technical program to improve the performance of SUSI is under way. The key components of the observing and technical programs are listed below.
• Observing Program -Extend seeing and path variation measurements and refine calibration procedures -Single star measurements for emergent fluxes, effective temperatures, radii and luminosities -Binary stars for masses, radii, luminosities and distances -Variable stars for distances, radii and luminosities 
